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SYN Evaluation in Mountainous Areas 
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• Data as available 2000-2010"
• Surface data avgʼd to 3 hours"
• Extensive QC applied to obs"
   - Snow on dome detected"
   - Shaded periods removed"
• 10 Wm-2 lower limit (daytime 
only for SW)"

• Elevation correction for LW"
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SYN Evaluation over Snow 

Longwave Shortwave 

• Comparisons at SURFRAD stations"
• Snow determined by measured albedo"



Analyze 10 years of data: January 2001 – December 2010 
Monthly time scale 

Data Sets 

•  MERRA Reanalysis v. 1, regridded to 1°x1° 
•  CERES TOA and Surface EBAF Ed. 2.8	
  



CERES EBAF Uncertainty Estimates 

(Wm-2)	
  



Global Mean Energy Budget (Wm-2) 

•  TOA terms agree to within 3 Wm-2 

•  Downwelling fluxes at surface agree worse: 6-10 Wm-2 
•  These and TOA LW up exceed EBAF uncertainties 
•  MERRA TOA and surface albedo low 
•  TOA net fluxes agree to 1.4 Wm-2, but surface net fluxes 

differ by 7 Wm-2 

All-­‐Sky	
  TOA	
  
Data	
  set	
   SW	
  down	
   SW	
  up	
   LW	
  up	
   Total	
  net	
   Albedo	
  

CERES	
  EBAF	
   339.8	
   99.6	
   239.6	
   0.6	
   0.293	
  
MERRA	
   341.3	
   99.6	
   242.6	
   -­‐0.8	
   0.292	
  

Difference	
   1.5	
   0.0	
   3.0	
   -­‐1.4	
   -­‐0.001	
  

All-­‐sky	
  Surface	
  
Data	
  set	
   SW	
  down	
   SW	
  up	
   LW	
  down	
   LW	
  up	
   Total	
  net	
   Albedo	
  

CERES	
  EBAF	
   186.3	
   24.1	
   345.2	
   398.1	
   162.2	
   0.129	
  
MERRA	
   192.6	
   23.6	
   335.0	
   398.7	
   169.0	
   0.123	
  

Difference	
   6.3	
   -­‐0.5	
   -­‐10.2	
   0.6	
   6.8	
   -­‐0.007	
  



Global Mean Energy Budget (Wm-2) 

•  TOA terms agree to within 3 Wm-2 

•  Downwelling fluxes at surface agree worse: 6-10 Wm-2 
•  These and TOA LW up exceed EBAF uncertainties 
•  MERRA TOA and surface albedo low 
•  TOA net fluxes agree to 1.4 Wm-2, but surface net fluxes 

differ by 4 Wm-2 

All-­‐Sky	
  TOA	
  
Data	
  set	
   SW	
  down	
   SW	
  up	
   LW	
  up	
   Total	
  net	
   Albedo	
  

CERES	
  EBAF	
   339.8	
   99.6	
   239.6	
   0.6	
   0.293	
  
MERRA	
   341.3	
   99.6	
   242.6	
   -­‐0.8	
   0.292	
  

Difference	
   1.5	
   0.0	
   3.0	
   -­‐1.4	
   -­‐0.001	
  

All-­‐sky	
  Surface	
  
Data	
  set	
   SW	
  down	
   SW	
  up	
   LW	
  down	
   LW	
  up	
   Total	
  net	
   Albedo	
  

CERES	
  EBAF	
   186.3	
   24.1	
   345.2	
   398.1	
   109.3	
   0.129	
  
MERRA	
   192.6	
   23.6	
   335.0	
   398.7	
   105.3	
   0.123	
  

Difference	
   6.3	
   -­‐0.5	
   -­‐10.2	
   0.6	
   -­‐4.0	
   -­‐0.007	
  

(1.75) 

(4) (7) 



TOA all-sky reflected SW flux
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TOA clear-sky reflected SW flux
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TOA Fluxes 
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TOA all-sky outgoing LW flux
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TOA clear-sky outgoing LW flux
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TOA all-sky reflected SW flux
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TOA Reflected SW 

TOA clear-sky reflected SW flux

0 100 200 300 400
Flux and flux difference (Wm-2)

-90

-60

-30

0

30

60

90

La
tit

ud
e 

(d
eg

re
es

)

C
le

ar
-s

ky
 



A
ll-

sk
y 

C
le

ar
-s

ky
 

TOA all-sky outgoing LW flux
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TOA clear-sky outgoing LW flux
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TOA Flux Difference Attribution 

Many of the differences may be due to missing low cloud, 
mainly in midlatitudes. 
High cloud problems found in the tropics, mainly excesses. 

SW LW 
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Surface clear-sky upward SW flux
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Surface clear-sky downward SW flux
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Surface clear-sky upward LW flux
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Surface net LW cloud effect
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TOA Flux Anomaly Time Series 

Magnitude of variability similar for clear sky, larger for all sky. 
All-sky fluxes more poorly correlated.  
Agreement is better in net fluxes. 

SW 

LW 

TOA clear sky reflected SW flux anomalies
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TOA clear sky outgoing LW flux anomalies
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TOA clear sky total net flux anomalies
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TOA all sky total net flux anomalies
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TOA Flux Anomaly Time Series 

LW cloud effect shows general downward trend in EBAF and MERRA. 
SW cloud effect dominated by all-sky flux pattern. 

SW 

LW 

TOA clear sky reflected SW flux anomalies
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TOA all sky reflected SW flux anomalies
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TOA SW cloud efect anomalies
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TOA LW cloud effect anomalies
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Surface Flux Anomaly Time Series 

Variability of SW downward fluxes much different for clear skies; 
improves in net. 
LW agreement better for up- and downward terms than net. 
Patterns in all-sky net fluxes ~opposite of TOA . 

Surface all sky downward LW flux anomalies
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Surface all sky upward LW flux anomalies
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Conclusions 
• MERRA v. 1 radiation budget was evaluated against CERES 

EBAF data over 2001-2010. 
• Too much high cloud over tropics, insufficient low clouds 

in Sc areas and midlatitude continents. 
• Possible aerosol deficiency in MERRA over tropical land. 
• Polar/seasonal ice areas problematic. 
• Cloud effect trends in TOA LW (EBAF and MERRA) and SW 

(MERRA after 2006). 
• Time series correlation poor in SW, with smaller variability 

in MERRA clear-sky surface SW down. 
• Overall energy budget matches to 1.4 Wm-2 at TOA, 4 Wm-2 

at surface, net loss of energy. 

Plans: Examine MERRA cloud structure using C3M	
  




